Significance of commonly used prognostic factors differs for children with T cell acute lymphocytic leukemia (ALL), as compared to those with B-precursor ALL. A Pediatric Oncology Group (POG) study
Introduction
Children with T cell acute lymphocytic leukemia (T-ALL) have been shown by many investigators to have an unfavorable prognosis, as compared to those with B-precursor ALL, [1] [2] [3] [4] [5] [6] [7] [8] [9] although significant improvement in outcome for patients with T-ALL has been reported from some studies employing intensive, rotating pulses of chemotherapy. [10] [11] [12] [13] [14] Some cooperative groups have placed any patient with the T-ALL immunophenotype in a higher risk group in treatment assignment, regardless of other commonly used prognostic determinants, such as age and WBC. 8, 9, [14] [15] [16] [17] Other groups have used the same age and WBC-defined risk categories in designating intensity of treatment for both B-precursor and for T-ALL; 11, 18, 19 but some of these have assigned any patient with a mediastinal mass and the T immunophenotype to a higher risk category. Reprinted with permission from Amylon et al. 12 effective in T cell disease. Regimen 2 was the same as regimen 1, except that it incorporated weekly i.m. l-asparaginase for 20 doses, beginning immediately after the completion of consolidation treatment. These treatment regimens have been recently reported by Amylon et al. 12 The prognostic factor analyses for the patients with T-ALL were compared to similar analyses for POG patients with newly diagnosed B-precursor ALL enrolled during the same time period. The previously reported prognostic factor analyses for patients with B-precursor ALL 6, 8, 26, 27 have been updated to April 1997 for this paper. The patients with B-precursor ALL (n = 1933) were registered on the POG 8602, ALinC 14 protocol from February 1986 to January 1991, using the risk group stratified treatments previously described. 26, 28 Each protocol was reviewed and approved by the National Cancer Institute, as well as by the local institutional review boards of each POG institution participating in these studies. Informed consent was obtained from the patients, their parents, or both, as deemed appropriate, according to the Department of Health and Human Services guidelines.
Laboratory evaluation
All POG patients with newly diagnosed ALL from February 1986 to January 1991 were registered on the POG 8600 biologic classification study. (Patients with T-ALL diagnosed from January 1991 to January 1992 had the initial classification studies performed as part of the subsequent POG 9000 ALL classification study, which included the same diagnostic workup for T-ALL at the same reference laboratories, as described here for the POG 8600 classification study.) Registration on the classification study was required prior to enrollment on either the T3 treatment protocol for T-ALL, or the ALinC 14 treatment protocol for B-precursor ALL. The classification protocol included a battery of laboratory tests, as outlined in the subsequent sections.
Cytochemical studies:
Bone marrow cells obtained at diagnosis were stained at each POG local institution according to standard techniques, including the use of WrightGiemsa, myeloperoxidase (MPO), Sudan black B, and ␣-naphthyl and butyrate esterase stains. The diagnosis of ALL was based on the morphology and cytochemistry criteria of the French-American-British (FAB) Cooperative Group. Only patients with leukemic cells negative for MPO and Sudan black B and negative for non-specific esterase stains were eligible for the POG 8600 New ALL classification protocol.
Immunophenotyping:
Specimens of pre-treatment heparinized bone marrow (approximately 90% of samples) or peripheral blood containing Ͼ30 000 WBC/l with more than 75% blasts, when marrow could not be aspirated (approximately 10% of samples) were placed in RPMI-1640 with 15% fetal calf serum and shipped at room temperature by overnight carrier to either the Stanford immunophenotyping reference laboratory or to the Duke immunophenotyping reference laboratory. The bone marrow samples were separated on Ficoll-Hypaque gradients and immunophenotyping studies were performed in both reference laboratories. Cell surface antigens were detected by a standard indirect immunofluorescence assay using a panel of monoclonal antibodies directed against B-lineage, T-lineage, and myeloid-associated antigens and were assayed for fluorescence activity by flow cytometry. Antigens routinely tested (when sufficient cells  were available for performing the entire panel) included CD1,  CD2, CD3, CD4, CD5, CD7, CD8, CD10, CD19, CD20,  CD22, CD24, CD13, CD15, CD33, CD34, CD45 and  HLADR. Samples were also sent for sIg, , , and cIg testing at the St Jude Children's Research Hospital immunophenotyping reference laboratory. These results in relationship to outcome have been previously described [28] [29] [30] and will not be presented here.
Depending on the pattern of reactivity, cases were classified as T cell (Ͼ20% of the blasts expressing at least two of the antigens CD7, CD5 and CD2, or expressing only CD7 in the absence of myeloid antigens) or B-precursor (CD19 positive; CD22 positive or negative; CD24 positive or negative; CALLA positive or negative; CD7 and CD5 negative) or B cell (sIg positive and or positive).
Cytogenetics:
Bone marrow samples were placed in RPMI-1640 medium supplemented with 15% fetal calf serum and shipped overnight to the POG cytogenetics reference laboratory at the University of Alabama at Birmingham. On arrival, samples were subjected to short-term (overnight) cultures. Routine methods were used for culture harvest, slide preparation and GTG banding. Karyotypic designations were assigned according to the ISCN (1985) 31 and ISCN (1991).
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DNA index: Cellular DNA content determinations were performed at St Jude Children's Research Hospital (SJCRH) on bone marrow samples of leukemic cells stained with propidium iodide. Flow cytometry was used to derive the DNA index (ratio of DNA content in leukemic G 0 /G 1 cells vs that in normal diploid cells), which was then used to distinguish two prognostic categories: DNA index (DI) р1.16 or Ͼ1. 16 (approximately equal to р52 or Ͼ52 chromosomes), as previously described. 26 If more than one leukemic line was demonstrated for a particular sample, the lowest value was used as the DI for the study. DI testing was performed on only 80% of samples received at the SJCRH reference laboratory, because, for the remainder of samples, no cells were left after the mandatory SJCRH reference laboratory cIg, sIg, and , testing.
Reference laboratory statistics:
In the Stanford ALL immunophenotyping reference laboratory 95.4% of the samples were processed satisfactorily, as were 91.4% in the Duke ALL immunophenotyping reference laboratory. The POG cytogenetics reference laboratory processed 80% of samples satisfactorily. Informative (abnormal) karyotypes were obtained in 54% of samples. Non-informative results were obtained in 46% of samples ('normal' karyotypes in 26% and unsatisfactory results in 20%). The POG ploidy (DNA Index) reference laboratory processed 99% of samples tested with satisfactory results.
Definitions:
Complete remission (CR) was defined as р5% lymphoblasts in the bone marrow (with evidence of regeneration of normal marrow cells) and Ͻ5 mononuclear cells per l in the CSF.
CNS leukemia was diagnosed by the presence of у5 mononuclear cells per microliter and identifiable leukemic blasts in Wright-stained cytocentrifuged samples of CSF, or by the presence of cranial nerve palsies, with or without leukemic blasts in the CSF. The diagnosis of testicular leukemia required confirmation by open biopsy.
T-ALL maturational stage was defined according to a modification of the Ludwig T-ALL maturational staging definitions 33 as follows: early stage (CD1 negative, CD3 negative); intermediate stage (CD1 positive, CD3 negative or positive); and mature stage (CD1 negative, CD3 positive). These modifications were made because only a few of our patient samples had been tested for cytoplasmic CD3. All patients categorized as to maturational stage had blasts that were CD7 positive.
Statistical considerations
Event-free survival, the time from registration to the earliest of induction failure, relapse, second malignancy, death, or last clinical contact, was used as the dependent variable in all inferential analyses. The significance of binary (yes/no) prognostic factors within phenotypes was assessed by the twosided logrank test. 34 In addition, a formal test of quantitative interaction between phenotype and the prognostic factor was conducted by a Cox proportional hazards model 35 fitting three independent variables: phenotype (1 = B-precursor and 0 = T cell), prognostic factor (1 = unfavorable, 0 = favorable) and interaction (1 = T cell, unfavorable and 0 = not 1). The natural antilog of the interaction coefficient represents the ratio of the 'hazard ratios'. For example, if the instantaneous ratio of failure probabilities (hazard ratio) for B-precursor (favorable to unfavorable) is 0.60 and the corresponding ratio for T cell is 0.90, the quotient is 0.60/0.90 = 0.67. The values less than 1.00 imply the prognostic factor is stronger in B-precursor ALL; values greater than unity imply more strength in T-ALL, while the value 1.00 suggests equal strength.
There are two major advantages of studying interaction as opposed to conclusions based on one being significant while another is not. First, with many more B-precursor patients, there is greater power in B-precursor ALL to detect real differences. Second, since non-significant results are inconclusive, one cannot directly conclude greater strength of association from one significant and one non-significant result. The interaction analysis circumvents both of these issues.
Event-free survival curves were constructed by the method of Kaplan and Meier 36 with standard errors of Peto et al. 34 Note that no formal statistical analysis of clinical features was conducted. It is our belief that the standard for clinical significance vastly exceeds that of statistical significance for these types of comparisons. Since we have individual interest in each factor, our analyses are restricted to univariate rather than multivariate methods. Even with this large number of T-ALL patients registered on the same protocol, treatment influence must still be taken into account, since one of the two regimens fared significantly better. 12 Therefore, some of the outcome comparisons have been adjusted for treatment regimen. However, since the patients were randomized (except for very early in the pilot study) inferences about prognostic factors are valid whether or not one stratifies for treatment.
We employed a cutoff of April 1997, rather than the most recent available at the time of this writing (April 1998) for two reasons. First, this is the cutoff used to produce our findings. Second, there have been no additional failures in T-ALL patients and only seven in B-precursor ALL patients in the intervening year.
Results

Clinical and laboratory characteristics by immunophenotype
The median age for children with T-ALL was 8.2 years (quartiles 5.2 years; 12.3 years), as compared to 4.5 years (quartiles 3.0 years; 7.8 years) for those with B-precursor ALL. Those with T-ALL had a median presenting WBC of 75 000/l, (quartiles 19 900/l; 216 000/l) as compared to 8000/l (quartiles 4000/l; 26 000/l) for those with B-precursor ALL. Table 2 shows other presenting clinical and laboratory characteristics for the patients with T-ALL, as compared to those with B-precursor ALL.
Prognostic factor analyses -comparisons between T-ALL and B-precursor ALL Consensus risk grouping:
Using the NCI consensus risk group designations for age and WBC defined prognostic groups, (ie age у10 years and/or WBC у50 000/l confers poor prognosis), 8 outcome was compared between standard and poor risk patients with T-ALL, treated on the POG T3 regimens. Five year EFS was 56.9 ± 5.0% for the standard risk subgroup and 48.6 ± 3.0% for the poor risk subgroup (P = 0.11) (Figure 1 ). Although the trend was in the expected direction, the small difference was in sharp contrast to the wide difference in outcome between standard risk (5 year EFS 77.9 ± 1.2%) and poor risk (5 year EFS of 53.0 ± 2.1%) patients with B-precursor ALL, treated on the POG 8602 (ALinC 14) treatment regimens during the same time period (P Ͻ 0.001) (Figure 1 ). When the T-ALL consensus risk group comparisons were adjusted for treatment regimen, the P value became 0.083; when adjusted for gender (see below), the P value was 0.13. Overall 5 year EFS rates were 50.7 ± 2.5% for the patients with T-ALL and 70.4 ± 1.1% for those with B-precursor ALL.
Age:
Looking at age separately, children with B-precursor ALL who were Ͻ10 years of age at diagnosis fared decidedly better (5 year EFS 74.5 ± 1.1%) than those у10 years at diagnosis (5 year EFS 51.5 ± 2.8%) (P Ͻ 0.001). However, in patients with T-ALL, the younger subgroup did not fare significantly better (5 year EFS 52.6 ± 3.2%) than the older subgroup (5 year EFS 47.5 ± 4.2%) (P = 0.15) (Figure 2) .
WBC:
Similarly, WBC у50 000/l was considerably more useful for predicting the outcome of patients with B-precursor ALL than for those with T-ALL. Five year EFS rates for patients with T-ALL and WBC below or above 50 000/l were 53.0 ± 4.0% and 49.2 ± 3.3%, respectively (P = 0.36). However, patients with B-precursor ALL and WBC Ͻ50 000/l had 74.4 ± 1.1% 5 year EFS, as compared to only 48.4 ± 3.0% for those with presenting WBC Ͼ50 000/l (P Ͻ 0.001).
Other breakpoints of WBC values were analyzed within T-ALL to determine whether a more definitive correlation could be found with outcome. Neither the 100 000/l WBC nor the 300 000/l WBC cutoff points were associated with significant differences in outcome for the patients with T-ALL; whereas in the B-precursor group, both of these breakpoints were significantly associated with outcome.
A surprising finding was noted for the small subgroup of patients with T-ALL who had WBC Ͻ10 000/l at diagnosis (n = 67). They fared unexpectedly poorly with a 5 year EFS of only 37.2 ± 6.8%. This was significantly worse than for T-ALL patients with initial WBC Ͼ10 000/l (P = 0.024) ( Figure  3 ). After adjustment for treatment regimen, the small subgroup of patients with WBC Ͻ10 000/l at diagnosis still fared less well than those with WBC Ͼ10 000/l, but the difference was no longer significant (P = 0.16).
Gender:
Although the degree of prognostic importance of both age and WBC was much less for patients with T-ALL than for those with B-precursor ALL, the association of gender with outcome was similar for both immunophenotypes, with boys faring significantly worse than girls. Figure 4 shows that boys with T-ALL have a 5 year EFS of only 46.7 ± 2.9%, as compared to 62.6 ± 4.9% for girls (P = 0.004). Likewise, within the B-precursor ALL group girls fared significantly better than boys with 5 year EFS rates of 75.8 ± 1.5% for girls and 65.9 ± 1.5% for boys (P Ͻ 0.001).
Race:
Within patients with B-precursor ALL the 5 year EFS was 72.3 ± 1.2% for Caucasians, compared to 63.4 ± 3.7% for African-American children (P = 0.008) and 55.1 ± 4.5% for Hispanic patients (P Ͻ 0.001). Similarly, in T-ALL, Caucasians fared better (5 year EFS 52.8 ± 3.0%), compared to either African-American patients (5 year EFS 48.3 ± 6.7%) (P = 0.41) or to Hispanic children (5 year EFS 41.2%) (P = 0.10).
CNS disease at diagnosis:
As shown in Table 2 , the T-cell ALL patients were more likely to have CNS disease at diagnosis (11.5%) when compared to the patients with B-precursor ALL (2.8%). While B-precursor ALL patients with CNS disease at diagnosis had a significantly inferior 5 year EFS (59.0 ± 6.9%), compared to those without CNS involvement at diagnosis (70.7 ± 1.1%) (P = 0.049). There was no evidence of a similar trend in the T-ALL group, however, with 5 year EFS values of 52.0 ± 7.4% for those with CNS disease and 50.7 ± 2.7% for those without CNS disease at diagnosis (P = 0.96).
Ploidy:
While patients with B-precursor ALL and a leukemic cell DNA Index Ͼ1.16 have a superior prognosis, hyperdiploidy is extremely rare in T-ALL (Table 2) . Only seven T-ALL patients had a DI Ͼ1.16, and five of these were neartetraploid (DI у1.80). If second leukemic lines are also considered, 17 T-ALL patients had a clone with DI Ͼ1.16, including 15 (88%) with DI Ͼ1.65. Conversely, of the 335 Bprecursor ALL patients demonstrating a leukemic line Ͼ1.16,
Figure 1
Event-free survival for NCl consensus (age/WBC) risk groups for B-precursor ALL and for T-ALL. (P Ͻ 0.001 for B-precursor ALL.) (P = 0.11 for T-ALL (adjusted for treatment regimen P = 0.083; adjusted for gender P = 0.13).)
Figure 2
Event-free survival, relationship to age, for B-precursor ALL and for T-ALL. (P Ͻ 0.001 for B-precursor ALL and P = 0.15 for T-ALL).
Figure 3
Event-free survival for patients with T-ALL, relationship to WBC subgroups. P = 0.024 for WBC Ͻ10 000/l vs у10 000/l (adjusted for treatment regimen, P = 0.16 or for gender, P = 0.010).
Figure 4
Event-free survival, relationship to gender, for B-precursor ALL (P Ͻ 0.001) and for T-ALL (P = 0.004).
only 20 (6%) had a clone with DI Ͼ1.65. Table 3 shows the incidence of cytogenetically determined ploidy subgroups for the B-precursor and T-ALL groups, respectively, as well as 5 year EFS rates. Whereas B-precursor ALL patients with Ͼ52 chromosomes in the leukemic cells (approximately equivalent to DI Ͼ1.16) fare by far the best of any ploidy subgroup, this is not true within T-ALL, in which the high ploidy group consisted predominately of near tetraploid cases.
Translocations:
Patients with T-ALL were less likely than those with B-precursor ALL to have karyotypes with demonstrated abnormalities. However, for those patients with demonstrable abnormalities in the leukemic cell karyotype, T-ALL patients were more likely to have translocations (59.3% for T-ALL vs 39.4% for B-precursor ALL). While leukemic cell translocations other than the cryptic t(12;21) are significantly associated with inferior outcome in patients with B-precursor ALL, this association was not seen at all in our patients with T-ALL. In T-ALL, the 5 year EFS for patients with translocations in the blast cell karyotypes was 46.0 ± 5.0%, compared to 40.4 ± 6.0% in those lacking translocations (P = 0.52). In Bprecursor ALL, those lacking translocations had a 74.4 ± 1.9% 5 year EFS, compared to 63.1 ± 2.5% if a translocation was present (P Ͻ 0.001). It should be noted that only patients with demonstrable leukemic cell cytogenetic abnormalities were included in the cytogenetic analyses, since patients with either unsatisfactory or 'normal' leukemic cell karyotypes were considered to have non-informative results. Also, patients with the t(9;22)(q34;q11) or the t(4;11)(q21;q23) were excluded from the analyses because of the known extremely poor prognosis associated with these specific translocations for patients with B-precursor ALL.
CALLA expression:
As a predictor of favorable outcome, CALLA expression was more important in B-precursor than in T-cell ALL. Five year EFS comparisons of CALLA expression vs lack of CALLA expression (infants Ͻ12 months of age excluded) show 53.6 ± 4.5% vs 48.4 ± 3.3% for patients with T-ALL (P = 0.15), compared with 71.0 ± 1.2% vs 50.5 ± 5.5% for those with B-precursor ALL (P Ͻ 0.001).
CD24 expression:
CD24 expression was inconclusive for patients with T-ALL (5 year EFS 54.1 ± 8.4% for the CD24-positive subgroup vs 50.5 ± 2.8% for the CD24-negative subgroup (P = 0.57)). However, it was significantly prognostic for patients with B-precursor ALL (5 year EFS 70.2 ± 1.2% for the Table 3 Outcome by chromosome number a B-precursor T-ALL CD24-positive subgroup vs 51.4 ± 7.8% for the CD24-negative subgroup (P Ͻ 0.001)). Table 4 investigates the relative strength of the prognostic importance of features in T-ALL vs B-precursor ALL. The P values are defined for the test of equal hazard ratios (T-ALL vs B-precursor). The estimated hazard ratio (favorable:unfavorable) was significantly lower (more significant) in several features for B-precursor ALL (consensus risk, WBC, age, translocation and CALLA). There were no variables in Table 4 where prognostic importance was significantly greater in T-ALL.
Interactions between phenotype and prognostic factors:
T cell ALL maturational stage -relationship to outcome:
Using POG's modified Ludwig definitions 33 for T-ALL maturational stage, 32.5% of patients with T-ALL were placed in the early, 43 CD2 expression was not useful as a prognostic factor, with 50.0 ± 2.9% 5 year EFS for those patients with CD2-positive T-ALL, as compared to 47.2 ± 7.3% for those with CD2-negative T-ALL (P = 0.71). Using a 30%, instead of the 20% cut-off, to define CD2 expression gave a similar result.
Discussion
There is a great deal of evidence that the major immunophenotypes of ALL (B, B-precursor and T) have innate clinical, laboratory and pharmacologic differences. Most groups now consider that patients with sIg-positive, -or -positive, B cell ALL (B-ALL) should be treated separately from those with non-B-ALL. Indeed, the intrinsic pharmacologic differences in responsiveness demand therapeutic regimens for patients with B-ALL or advanced stage B-NHL that are different from those used for B-precursor ALL. There is much less universal agreement, however, as to whether patients with T-ALL should be categorized and managed differently from those with B-precursor ALL.
The differences in clinical features at presentation between patients with T-ALL and B-precursor ALL are well recognized. For example, the T-ALL patients tend to be older and to have a higher male:female ratio, higher WBC, higher incidence of mediastinal mass, and increased frequency of CNS disease. 2, 3, 7, 22 Analysis of presenting characteristics of the patients in the current report confirms the reproducibility of these well established clinical features of T cell ALL.
A few papers have addressed possible prognostic factors among patients with T-ALL, 9,37-39 including those reporting the previous POG experience. 16, 22 The current report analyzes outcome with respect to certain possible risk factors for 441 eligible patients with T-ALL, all treated on the same POG protocol for T cell leukemia. The paper addresses whether the risk factors, which proved significantly prognostic for B-pre- 
Figure 5
Event-free survival for POG patients with T-ALL, according to the modified Ludwig maturational staging system. P = 0.033 (three way); when adjusted for treatment regimen, P = 0.022 and for gender, P = 0.016. (The 59 patients not shown on these curves had technically unsatisfactory phenotyping or had an inadequate volume of sample to permit testing for the entire battery of antigens.) cursor ALL patients treated during the same period of time on a different protocol, are of lesser or greater importance for T-ALL patients.
Our data show that several of the clinical and laboratory prognostic factors, which are used commonly and reliably for B-precursor ALL, are much less predictive in T-ALL. Our study demonstrates that the B-precursor ALL mainstay prognostic factors of age and of WBC, respectively, are significantly less important in T-ALL risk group assignment. Moreover, when both age and WBC were taken into account in the NCI consensus risk group designations, the resulting stratification was significantly less predictive in T-ALL than in B-precursor ALL, even after adjustment for treatment regimen. Thus, the most widely used tool for assigning prognosis in B-precursor ALL may not be useful for children with T-ALL.
Our analysis of age as a prognostic factor in the preceding POG T2 study showed that children р5 years or р7 years of age with T-ALL fared significantly better in univariate, but not in multivariate analyses. 16 Crist et al, 40 reporting a still earlier group of POG T-ALL patients, noted that patients у11 years of age at diagnosis fared significantly worse. Pui et al 37 found age у15 years to confer an increased risk of treatment failure for pediatric patients with T-ALL, although Arico et al 9 found no significant difference in outcome for T-ALL patients у10 years, as compared to younger patients, in the AIEOP report. Our current data show that age у10 years at diagnosis is of significantly less prognostic importance for patients with T-ALL, than for those with B-precursor ALL.
The eligibility of the POG ALL protocols (both B-precursor and T) reported here included patients up to 21.99 years of age. Even though some pediatric groups' ALL treatment protocols do not include patients 18 to 21 years of age, this does not appear to affect significantly comparison of treatment results. Our trials included only nine patients with T-ALL and 13 patients with B-precursor ALL who were 18 to 21 years of age at diagnosis, and the basic conclusions are unaltered if these patients are excluded from the analysis.
The finding that WBC Ͼ50 000/l, Ͼ100 000/l or Ͼ300 000/l was an inconclusive prognostic indicator for our patients with T-ALL on the T3 protocol may be partially due to the fact that the small (15%) subgroup of patients with WBC Ͻ10 000/l at diagnosis fared surprisingly poorly, even worse than those with WBC Ͼ50 000/l at diagnosis. We looked closely at this small subset, but were unable to identify any associated detrimental clinical or laboratory characteristics.
It should be noted that POG's results with the earlier T1 22 and T2 16, 23 treatment protocols for T-ALL showed WBC Ͼ50 000/l to be significantly associated with inferior outcome. Also, Garand et al 38 and Arico et al 9 found WBC to have prognostic significance for pediatric T-ALL patients. CCG found WBC to be of univariate, but not multivariate, significance in patients with T-ALL. 39 Pui et al 37 found presenting WBC to be of no prognostic significance for 120 consecutive T-ALL patients at SJCRH. The primary point of the current T3 WBC analysis is to show that WBC Ͼ50 000/l or Ͼ100 000/l or Ͼ300 000/l is of significantly less prognostic import for our patients with T-ALL than for those with B-precursor ALL.
As discussed recently by Amylon et al, 12 patients with T-ALL and у50 000/l WBC at diagnosis showed proportionately more improvement in EFS between the POG T2 and T3 protocols, than did those with Ͻ50 000/l at diagnosis. Whereas all patients received cranial radiation as part of CNS preventive treatment on the T2 protocol, those with р50 000/l WBC did not receive cranial radiation on the T3 protocol. It is possible that this contributed to the fact that WBC is not a prognostic indicator in the T3 results.
Although both age and WBC had significantly stronger prognostic import within B-precursor ALL than within T-ALL, it is of interest that no significant interaction was demonstrated between phenotypes as to either race or gender. Boys fared better than girls and Caucasians better than either African-American or Hispanic children, regardless of immunophenotype.
There are too few patients with CNS disease at diagnosis in either the B-precursor or the T-ALL groups to draw meaningful comparisons. Nevertheless, it is of interest that, although the T-ALL patients were more likely to have CNS disease at diagnosis, the T-ALL patients with CNS disease at diagnosis did not have shorter EFS than the other T-ALL patients. Conversely, Bprecursor ALL patients with CNS disease at diagnosis fared worse than those without CNS disease.
Concerning leukemic cell laboratory characteristics, the presence of translocations and the lack of CALLA expression were significantly stronger predictors of poor outcome for patients with B-precursor ALL than for those with T-ALL. Differing results have been reported previously as to whether CALLA expression is favorable in T-ALL.
14,37,39,41,42 The favorable cytogenetic subgroup with Ͼ52 but Ͻ74 chromosomes (1.16 Ͻ DI Ͻ 1.60) that comprises about 20% of B-precursor ALL cases is rarely identified in T cell ALL. As we have noted previously, 43 hyperdiploid T-ALL cases are generally neartetraploid, and our results do not suggest that these patients have a more favorable prognosis than those with near-diploid blast cell karyotypes (Table 2) .
Since some of the most dependable factors for predicting risk for patients with B-precursor ALL are of limited value for patients with T-ALL, we have been interested in identifying other biologic features of the leukemic cells that might be predictive of prognosis for T-cell ALL. One of these is the maturational stage of the T lymphoblasts. POG's earliest attempt to correlate T-ALL outcome with maturational stage was reported by Crist et al 44 in 1988 , and suggested that the intermediate stage, as then defined, fared best, although the number of patients was small and significance was not demonstrated.
The POG thereafter attempted to categorize its patients with T-ALL according to several different models of maturational staging, but some patients failed to fit into any one of the defined categories. However, after Ludwig et al 33 described their staging system and showed a significant difference in outcome among early, intermediate, and mature subgroups, we decided to employ a modified Ludwig system for our patients. Using this modified Ludwig maturational staging system, we were able to categorize every patient with T-ALL who had satisfactory immunophenotyping. The distribution for our patients was 32.5%, 43.9% and 23.6% in the early (E), intermediate (I), and mature (M) subgroups, respectively, as compared to 39% (E), 48% (I) and 11% (M) for Ludwig's 93 patients. It should be noted that Ludwig's subgroupings are unquestionably more precise than ours, since he utilized cytoplasmic CD3 as part of the system. However, the Ludwig system, modified by POG for use without cytoplasmic CD3, also appears to define a prognostic separation by maturational stage. Similar to Ludwig's results, the POG outcome data show that the intermediate subgroup (also called the cortical group, per the designation of the European Group for the Immunological Classification of Acute Leukemias (EGIL) 45 ) has a superior outcome. However, our mature group fared worst, while Ludwig's early group fared worst. The Ludwig system is based on the expression of CD1 and CD3, in CD7 and cy CD3-positive patients. 33 Interestingly, Pui et al's 37 results showed that SJCRH patients with leukemic cell expression of surface CD3, corresponding to a mature stage phenotype, had a significantly poorer treatment outcome than did cases with blasts lacking the CD3 antigen. This is similar to our results showing adverse outcome for the mature (CD1-negative, CD3-positive) subgroup.
CCG has described prognostic value for CD2 antigen expression in their patients with T-ALL. 39 However, our data with the T3 regimen did not show prognostic value for CD2. CCG has also recently reported prognostic significance for a T-ALL maturation staging defined differently from the Ludwig system. 46 The CCG definitions subgrouped 407 patients, resulting in 8.6% (E), 60.9% (I) and 30.5% (M), with outcome best for the mature and worst for the early group. However, as pointed out in their paper, CCG's early subgroup was limited to patients with CD7 as the only T-lineage antigen expressed, whereas with Ludwig's system and POG's modification of the Ludwig system, the definitions allow for the possibilities of CD2 or CD5 expression in the early subgroup. However, because the CCG also did not assay cytoplasmic CD3, it is possible that a few of their CD7 only positive patients actually had undifferentiated (M0) AML. While this is also true of our patients, our broader definition of early T-ALL makes it likely that we have fewer M0 patients contaminating this patient population.
Recently, Niehues et al 14 reported results of the COALL studies in pediatric patients with T-ALL. Their data suggest that T-ALL blasts with the phenotype of cortical thymocytes (CD1 positive and/or CD4 positive, CD8 positive) have a thymic selection-related (SR) phenotype, which may correlate with an increased susceptibility to apoptosis. This SR subgroup (comparable to the BFM and our intermediate subgroups), had a superior outcome, when compared to the other COALL T-ALL patients.
Some groups, including the AIEOP, BFM, and CCG, 9, 11, 47 are now putting major emphasis on early response to therapy as the best predictor of eventual outcome for either the T-ALL or the B-precursor immunophenotypes. The BFM group has recently reported that peripheral blood blast count response, after a 7-day prednisone pre-phase, is even more important than maturational stage in determining prognosis in T-ALL. 42 Rapidity of response data were not routinely collected for the POG T3 protocol. POG is currently accumulating data concerning early response in its open B-precursor and T-ALL protocols. In summary, the prognostic factors that have proven most reliable in risk group assignment for patients with B-precursor ALL are much less useful for patients with T-ALL. T-ALL has innate differences from B-precursor ALL, not only in its characteristics at the time of presentation, but also in the usefulness of individual prognostic features. Thus, using traditional risk group criteria to stratify T-ALL patients for therapy may not be appropriate; one should not blindly apply stratification criteria, useful for patients with B-precursor ALL, to those with T-ALL. Lastly, our data concerning maturational stage lend further support to evidence that the intermediate or cortical maturational stage of T-ALL fares best.
